As systems evolve over time, their natural tendency is to become increasingly more complex. Studies in the field of complex systems have generated new perspectives on management in social organizations such as hospitals. Much of this research appears as a natural extension of the cross-disciplinary field of systems theory. This is the 20th in a series of articles applying complex systems science to the traditional management concepts of planning, organizing, directing, coordinating, and controlling. In this article, the authors discuss how nurse workflow is characteristic of complex adaptive systems and the need for caution when selecting a performance improvement method.
The search for efficiency in healthcare organizations has driven a wave of technological and process interventions intended to improve nurse workflow. Many of these interventions are based on the assumptions of lean design 1 and are intended to reduce medical errors, increase efficiency, and reduce waste. 2 These interventions are made to discrete parts of the workflow process under the assumption that in changing one component of the process, other variables in the workflow process can be held constant, with the idea being that efficiency will be achieved in linear fashion. This approach to intervention posits that the benefits of efficiency may be gained in a manner similar to a manufacturing environment, where change to one stage of an assembly line often drives a corresponding efficiency in the endproduct. However, in the healthcare setting, research suggests that such interventions often fail to achieve the proposed efficiencies and in fact often bring about unintended and often negative consequences. 3 A possible explanation for the failure of these interventions comes from recent theorizing about the complex nature of healthcare organizations. 4 Healthcare organizations are conceptualized not as mechanistic institutions where workflows proceed in a linear process but instead as complex adaptive systems featuring interdependent parts, the codependence of which makes intervention outcomes highly unpredictable. Actors in complex systems adapt their behaviors based on prior experiences and develop selforganization, a condition where patterns of behavior appear without the direction of a centralized coordinator. 5 Workflows in healthcare settings are often organic and marked by the occurrence of unforeseen events.
Because nursing departments constitute most clinical staff and the highest expense in most hospitals, demonstrating that nurse workflows behave as complex adaptive systems is an important step in understanding how to best intervene in this setting. Therefore, the purpose of this article was to examine nurse workflow processes to establish whether they behave as complex adaptive systems. Four previously published samples of nurse workflow are examined for the existence of power law relationships. If these are present, the complex system thesis will be supported. or rules. In a hospital, nurses, physicians, staff, administrators, and even patients constitute agents. These individuals adapt to feedback about their actions and the actions of others 6 and also act in discrete, parallel fashion in their day-to-day work, relying on feedback loops to assess the productivity of their activities. Because hospital staff members simultaneously adapt, these disparate adjustments create complexity in an emergent fashion. Nurse workflow exhibits many of the characteristics of a complex system. Nurses go about their day-to-day activities, but discrete events happen that serve to disrupt these activities: Patients may have emergencies; families may require additional time to discuss a loved one_s condition; and routine procedures such as inserting an intravenous line may become difficult when dealing with certain patients. These interruptions make nurse workflow nonsystematic and serve as altering events. Nurses respond to disruptions by adapting their work processes and creating schemas that can be drawn upon to respond to future occurrences of disruption. Thus, it is reasonable to suggest that nurse workflow behaves as a complex adaptive system.
Complex Adaptive Systems
Complex adaptive systems are inherently unpredictable. 7 Rather than being constituted by simple processes, complex adaptive systems feature seemingly random events that disrupt workflow patterns. Changes to inputs have nonlinear consequences; small changes to inputs may lead to large-scale changes in outputs. Research suggests that the existence of power law relationships is often characteristic of a complex adaptive system. When the frequency of an event varies as a power of some attribute of that event, the frequency is said to follow a power law, or nonnormal distribution. 8, 9 For instance, when data follow a power law, a ''Pareto effect'' (also known as an 80/20 rule) is often observed, where 80% of the effects come from 20% of the causes. 10 Hence, when a power law is present, the distribution of events (eg, task duration, interarrival rates for admissions to a unit) is nonlinear and difficult, if not impossible, to predict.
Methods
To test for the existence of power law relationships in nurse workflow, 4 previously published samples of nurse workflow were reexamined. 11, 12 Three of the data sets are from 2 medical/surgical units and 1 is from a pediatric oncology unit (PO). In each study, nurses were observed during normal, daytime shifts. Using predefined checklists displayed on a tablet personal computer or personal digital assistant, activities were recorded in real time. Two data sets were from a study of the impact of new documentation software on workflow in a medical/surgical unit. Two observations were conducted on the same unit, before and after implementation. The observations are designated here as M/S-B-pre and M/S-B-post. The other 2 observations were from a study of the cognitive implications of nurse workflow. APO was compared with a medical/surgical unit (M/S-A). In total, these 4 data sets constitute more than 282 hours of direct observation. The 2 medical/surgical units (M/S-A and M/S-B) were located in 2 suburban acute care hospitals, and the oncology unit was in a pediatric research hospital.
The observational protocol in both studies was identical with the exception of the list of activities. Workflow can be parsed broadly or narrowly, depending on the objectives of the investigation. For the technology impact study, insight was sought on the nuanced impact of the process change. As such, activities were narrowly defined, resulting in a list of 28. For the cognitive study, the influence of patient assignment and acuity was of interest. Here, the activities were broadly categorized, and lists of 10 and 11 were defined. Most nurse workflow studies use sampling methodologies that determine the total time nurses spend on various activities. 13, 14 Within an observational methodology, one can also examine the frequency, duration, and sequence of nurse activities. The duration of activities is crucial to understanding workflow as it reveals the amount of switching nurse_s experience as well as the patterns in their work. Figure 1 , all 4 samples displayed the Pareto effect. Nearly 80% of activities were less than 30 seconds in the M/S-B-pre and M/S-B-post samples, and 70% of the activities were less than a minute in PO and M/S-A. Although the Pareto effect is evident, the 4 samples were not identically distributed. This is caused by the difference in defining activities. The higher ''resolution'' measured in the pre and post samples will result in greater partitioning of time and shorter durations. (By contrast, one could imagine a task list consisting of direct care, indirect care, and ''other.'' The durations would be long because of the sizable chunking of work.) Despite methodological differences, the similarity in results is noteworthy (Figure 1) .
Results

As shown in
Activity duration is plotted on log-log axes in Figure 2 . An ideal power law relation results in a straight line, and Figure 2 demonstrates that M/S-B-pre and M/S-Bpost are essentially straight. The PO and M/S-A show curvilinearity at the tail but are linear elsewhere. For comparison, a normal distribution is also plotted in Figure 2 , using the mean and standard deviation from the M/S-B-post data. The dissimilarity between the normal distribution and the samples demonstrates the nonnormality of the data and further supports the existence of a power law. With power laws, the steeper the slope, the more skewed the data. The steepest slope is M/S-B-pre, indicating the shortest duration tasks. The shallowest slope was PO, reflecting the sample_s longer activities. This follows logically because the PO nurses had fewer patients, 2 or 3 versus 6 to 8, and would have fewer interruptions. With higher acuity patients, they would also have lengthier, more complicated procedures or ''black swans'' (an unexpected event of large magnitude). Thus, although the average duration was 82 seconds, 3% of the activities were longer than 7 minutes.
The 4 samples can be grouped into 2 pairs, based upon the parsing of work. The more finely resolved activities of M/S-B-pre and M/S-Bpost resulted in shorter durations, which yielded different power laws. When examining workflow, the operational definition of activity is critical to obtaining meaningful results. Regardless of the methodological differences, however, the existence of power law relations and black swans in all 4 samples provides 
Implications
The implications of these findings are far-reaching. Broadly speaking, the results support the theory that healthcare organizations, in general, and nursing, in particular, are complex adaptive systems 7 and imply that nursing workflows may have other complex attributes such as nonlinearity, emergent behavior, distributed control, and self-organization. This finding sheds light on potential problems with healthcare interventions that assume that events are independent and normally distributed. Therefore, lean design-based programs such as value stream mapping, single piece flow, and line balancing may be inappropriate interventions for improving nurse workflow because these initiatives assume normality. Thus, this analysis suggests that when implemented in hospitals, such programs may be ineffective and rife with unintended consequences. This is not to say that quality improvement, lean design, Six Sigma, evidence-based practice, and other initiatives have no place in improving healthcare systems. However, care must be exercised, and differences in how systems exist and operate must be appreciated to use these tools appropriately. The efficiency gains associated with standardization in other industries may not be perfectly transferrable to nursing departments or healthcare organizations. These types of programs rely upon the assumption of routine workflows; the nonnormal distribution of these data suggests that there is no ''average day'' in the life of a nurse. Nursing is typified by idiosyncratic events and disruptions. As such, the efficiencies that could be gained from such programs may be stifled by the unexpected occurrence of unique situations if they are not translated for the nursing context. In nursing, the unexpected is to be expected. Results here indicate that black swan events are likely more common in nursing than in other professions, suggesting significant translation of these tools must take place to be effective. 9 In sum, these findings provide support for the contention that nursing is a complex adaptive system. In healthcare settings, this means that interventions will have limited success in improving performance if they are based upon assumptions of a mechanistic organization with linear input-to-output effects. Efforts to increase the efficiency of nurse workflow should consider the complex, adaptive nature of the healthcare setting. Efficiency programs need to be customized to account for the inherent complexity if they are to be successful. If this is not done, these programs may actually harm efficiency, with unintended outcomes. Hence, the results here suggest that administrators should consider how such interventions impact the entire process rather than simply focusing on discrete components of the process. 
